As a developing country, the economic and population growth rates in Ghana over the past few years have seen tremendous increase. The growing rate of industrialization is gradually leading to contamination and deterioration of the environment and pollution is likely to reach disturbing levels. Surface soil samples were collected randomly from 36 communities in the Kumasi metropolis, Ghana, to determine the concentrations, distribution, sources and toxic potential of emission of polycyclic aromatic hydrocarbons (PAHs) since no such comprehensive study has been conducted. The mean concentration of total PAHs in the surface soils in each community ranged from 14.78 at Ahinsan to 2084 ng/g dry weight at Adum with an average of 442.5 ± 527.2 ng/g dry weight. Diagnostic ratios and chemical mass balance models of the results showed that PAHs in surface soil samples from the study area were mainly from fuel combustion.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants and produced primarily as a result of oil spillage and/or incomplete combustion of organic materials including wood, fossil fuels and petroleum products (Ravindra et al., 2008) . Many PAHs are mutagenic and some are carcinogenic and these raise concerns over their occurrence in the environment (Flowers et al., 2002; Thorsen et al., 2004; Cornelissen et al., 2006) . Due to their high hydrophobic properties, PAHs can be sorbed on atmospheric particles and thus transported over a long distance, being a source of diffuse pollution (Wilcke, 2007; Ravindra et al., 2008) .
Point sources of pollution are usually derived from industrial activities, transport, industrial waste waters, road run offs and accidental fuel spills (Johnsen and Karlson, 2007) .
Soil system is considered the most important long-term repository for PAHs and is also considered to be a steady indicator of the environmental pollution state (Nam et al., 2003; Mueller and Shann, 2006) . PAHs in soils may further accumulate in vegetables and other biota via food chains (Li et al., 2008) . This accumulation leads to direct or indirect exposure to humans. Moreover, leaching of PAHs from soils are possible sources of groundwater contamination (Bispo et al., 1999; Cousins et al., 1999) . Therefore, knowledge of soil contamination with PAHs is needed to avoid any food production risk and to restrict the deleterious effect of these contaminants. Many studies have been conducted on the concentrations and distributions of PAHs in soils in some countries (Wilcke, 2000; Essumang et al., 2011; Marusenko et al., 2011) . However, no comprehensive work has been done to address the accumulation and distribution of PAHs in surface soils in the Kumasi metropolis, Ghana.
As a developing country, the economic and population growth rates in Ghana over the past few years have seen tremendous increase. Currently, the Gross Domestic Product (GDP) and annual population growth rates of Ghana stand at 6.1% and 2.5% respectively (Ghana Statistical Service, 2013) . The growing rate of industrialization is gradually leading to contamination and deterioration of the environment and pollution is likely to reach disturbing levels. Studies have shown that industrialization and pollution are positively correlated (Walsh, 2000; Olaifa et al, 2004) .
Kumasi (a metropolis of Ghana) is one of the most industrialized and economically significant cities and has been subjected to heavy anthropogenic influences as a result of the rapid economic development and urbanization. The human population has drastically increased, number of cars has doubled during the past decade and many gas stations are located in this region leading to greater fuel combustion rate. These could lead to more fuel leakages, smoke production from exhaust of automobiles and high levels of PAHs in the environment. In addition garbage, paper, cloth, wood are burnt in open environment in the Kumasi metropolis and all these are potential sources of contamination with PAHs (Ravindra et al., 2008) . Domestic emissions of PAHs are from the use of traditional fuels such as charcoal (i.e. using coke ovens to convert wood into charcoal) and crop residues for cooking, water heating etc.
The objectives of the study were therefore: to determine the concentrations of 22 PAHs including the 16 that are listed by the United States Environmental Protection Agency (USEPA) as priority pollutants in surface soil samples from the Kumasi Metropolis; to identify the possible sources of PAHs in surface soils from the Kumasi metropolis; to develop distribution maps of PAHs throughout the city using Geographic Information System (GIS) and; to evaluate the extent of pollution and toxic potential of PAHs in soils from Kumasi. Prior to chemical analysis, soil samples were air dried at room temperature and passed through a 2 mm sieve to remove the coarse soil fraction. Soil organic carbon is an important controlling factor for adsorption of PAHs to soil (Wang et al., 2013) . As soil organic carbon indicator a gravimetric method by ignition loss was estimated. Loss on ignition (LOI) was determined at oven temperature of 600 o C for 5 h, and data is shown in Table 1 .
Methodology

Sample collection
Sample extraction and clean-up
For PAHs analysis, 10 g of soil sample were weighed into extraction thimble and covered completely with glass wool after spiking with of 25 µL of 1 mg/L PAH surrogate standards (acenaphthene_d 10 , phenanthrene_d 10 , chrysene_d 12 , and perylene_d 12 ). Extraction of PAHs from soil samples was done by soxhlet extractor (Soxtherm Gerhardt Variostat; Soxtherm V7.5, Germany) using 170 mL acetone/hexane (1:2; v/v) for 6 h. The extracts were dehydrated by filtering through anhydrous sodium sulphate (Kanto Chemical Co., Inc, Tokyo, Japan). The dehydrated extracts were collected into a round bottom flask. It was then concentrated to approximately 1.5 mL on a rotary evaporator and transferred into a test tube. The dehydrated extract in the test tube was further concentrated to 0.3 mL under a gentle N 2 stream. The extracts were cleaned-up to remove other contaminants such as lipids and pigments that may have been extracted with PAHs. Clean-up was done using column (40 cm) packed with 5% water content silica gel (Kanto Chemical Co., Inc, Tokyo, Japan). It was then eluted with 100 mL of diethyl ether/hexane mixture (1:4; v/v). The eluate was further concentrated to 2 mL using a rotary evaporator. 300 µL of n-decane was added to the extract and further concentrated to 0.3 mL using a gentle N 2 stream. All solvents used (Kanto Chemical Co., Inc, Tokyo, Japan) were of analytical grade.
PAHs analysis
PAHs analyses were carried out using Auto Sampler 3000 Gas Chromatograph (Focus GC) coupled with a Thermo scientific Mass Selective Detector (DSQ II MS, Kanagawa, Japan) operating in the electron impact mode (GC-MS). The selective ion monitoring mode was used for quantification. A FactorFour capillary column, VF-Xms, 30 m, 0.25 mm inner diameter, 0.25 µm film thickness (Varian Inc., Lake Forest, CA, USA) was used for separation. Helium gas was used as the carrier gas at a constant flow rate of 1.2 mL/min. Injector and mass transfer line temperatures were 260 o C and 280 o C, respectively. Temperature programming for the column was as follows, initial temperature of 90 o C held for 1 min, ramped to 280 o C at 10 o C/min and finally to 320 o C at a ramp rate of 5 o C/min and held for 10 min. 1 L sample was injected in the splitless mode for analysis. Concentrations of total PAHs and that of 22 individual PAHs (AccuStandard, New Haven, USA) including 16 USEPA priority pollutants (naphthalene (Nap), acenaphthylene (Acl) acenaphthene (Ace), , fluorene (Fle), phenanthrene (Phe), anthracene (Ant),
(BeP), triphenylene (Tri), methylene phenanthrene (Methy-Phe), 1-methyl phenanthrene (Me-Phe) and retene (Ret)) were measured in each sample. Difficulties were often associated with the GC separation of Chr and Tri; BbF and BkF, for this reason, the sum of these isomers was used as an abbreviation, Chr and BbF + BkF respectively. All results were expressed in dry weight (dw) basis.
Quality control
Quantitation was performed using internal standard calibration method (five-point calibration; 10, 50, 100, 200 and 400 µg/L), and correlation coefficients (r 2 ) for the calibration curves were all greater than 0.995. Analytical methods were checked for precision and accuracy.
Limits of detection (LODs) were calculated based on 3SD/S (SD is the standard deviation of the response of seven replicate standard solution measurements and S is the slope of the calibration graph). LODs of PAHs were in the range of 0.04-0.54 ng/g dw. Four surrogate standards were added to soil samples to quantify procedural recoveries. Surrogate recoveries (acenaphthene_d 10 , phenanthrene_d 10 , chrysene_d 12 , and perylene_d 12 ) in spiked soil samples ranged from 86-99%.
The final PAH concentrations were not corrected from the recoveries of the surrogate standards.
For each batch of 10 samples, a method blank (solvent), a spiked blank (surrogate standards spiked into solvent), a matrix spike (surrogate standards spiked into pre-extracted soil), and duplicate sample were analyzed. The average recoveries in ten spiked blanks and matrix spikes varied from 85-102% for PAHs (22 components). Blanks that were run periodically contained no detectable amount of target analyte. The coefficients of variation of PAHs concentration in duplicates were less than 15%.
Data analysis
Data analysis was performed using IBM SPSS v 20 for windows (SPSS Inc., Illinois, USA).
Kurtosis, skewness (Z value = skewness/standard error) and Kolmogorov-Smirnov (K-S) tests were used to determine the normality of data and were considered statistically significant if p value was less than 0.05 and Z value was greater than 1.96. Spearman and Pearson's correlations were also used to evaluate the relationships between LOI, individual and total PAHs concentrations, and was considered statistically significant if p value was less than 0.05. The source diagnostic indices were calculated from the PAHs concentration ratios. Diagnostic ratio plots were done using JMP 9 (SAS Institute, Cary, NC, USA). Spatial distribution of PAHs in soil was performed by using Arc-GIS 9.3 software (ESRI, New York).
Results and discussion
Concentrations of total PAHs in surface soils from the Kumasi Metropolis
The mean concentrations of total PAHs in soil samples from 36 communities in the Kumasi metropolis ranged from 14.78 at Ahinsan to 2084 ng/g dw at Adum (Table 1) , with mean value 442.5 ± 527.2 ng/g dw. Kurtosis, skewness and K-S tests for normality showed a significant variation in the concentrations of PAHs in surface soils from the communities for all the measured analytes (Z value ˃ 1.96; p ˂ 0.0001). Table 1 shows the mean concentrations of total PAHs from the sampling communities in Kumasi.
The component of PAHs which is typically of greatest interest in terms of potential cancer hazard is BaP. This compound had been known to exhibit a high carcinogenic activity in animals and has been listed as a proven human carcinogen (WHO, 2000) . BaP concentration in the soils recorded a percentage abundance of 8% and it was the 6 th most abundant PAH determined in surface soils from the study area (Table 1 ). The mean concentrations of BaP in soil samples from the communities ranged from 0.5939 ± 0.3284 (Ahinsan) to 259.5 ± 38.37 ng/g dw (Adum) ( Table 1) . However, the mean value of BaP throughout the 36 communities was 32.59 ± 51.90 ng/g dw. Kurtosis and K-S normality tests indicated a significant variation in the distribution of BaP through the communities (p ˂ 0.0001). Table 1 shows the mean concentrations of BaP in surface soils from the communities in Kumasi.
In this study, the LOI contents among 129 soil samples ranged from 1.584-22.59%, with a mean value of 4.826 ± 2.810%. The results of correlation tests before and after log transformation among individual, total PAHs and LOI showed that all individual and total PAHs were not significantly correlated with LOI (p > 0.05), (data not shown). This could be due to the result of non-equilibrium adsorption between LOI and PAHs. Another likely reason for lack of correlation between LOI and PAHs may be that urban soils have different sources of PAHs and soil pH values (Wang et al., 2013) .
Distribution maps for carcinogenic PAH and sum of 16 USEPA PAHs in surface soil of the
Kumasi metropolis
PAHs concentrations spread throughout the communities with the highest concentrations exhibited from the city centre. GIS coordinates and concentrations of PAHs in surface soils obtained from Kumasi were used to create the distribution maps. The distribution maps in Fig. 2, showed higher levels of BaP and sum of 16 USEPA priority pollutants from the city centre of Kumasi, and this could be due to the high or heavy vehicular load, congestion and combustion rate within the region. The distributions maps of some carcinogenic PAHs (BaA, BbF, BkF, DBahA, Chr and IcdP) (IARC, 2006) in surface soils are shown in Fig. 2 . In the surface soils from Kumasi, Flu recorded the highest PAH concentration followed by its isomeric Pyr, interestingly these two showed the same distribution pattern (p ˂ 0.0001) with extremely high concentrations at Suame, Mbrom, Adum, Suntreso, Romanhill and Sofoline. From Table 1 , Suame exhibited the highest for both Flu and Pyr at concentrations of 381.3 ± 54.57 and 355.1 ± 49.42 ng/g dw respectively. The distribution map for BaA is not too different from the 2 mentioned above, since very high concentrations were also recorded at the same sampling communities as Flu and Pyr (Table 1 ). The distributions of BbF + BkF, BeP and BaP with same molecular weight were nearly identical and higher concentrations were recorded in Romanhill and Adum. This trend is observed for all PAH of similar molecular weight, and critical observation has shown that PAHs of the same molecular weight have similar distributions (Venkataraman and Friedlander, 1994) .
Source identification
Diagnostic ratio charts
Diagnostic ratio is a widely used technique to apportion the origin of PAHs presented in different environmental media (Yunker et al., 2002; Bucheli et al., 2004) . The ratios of different PAHs are expected to vary with sources most likely due to various routes of PAH formation under different combustion conditions. This method is probably more pronounced at extreme locations such as urban areas close to the point sources (Christensen and Bzdusek, 2005) .
Diagnostic ratios of PAHs, such as ratios of BaP/BghiP, IcdP/(IcdP + BghiP), and Ant/(Phe + Ant), Flu/(Flu + Pyr), can be applied to identify the possible sources of PAHs (Yunker et al., 2002) . Although the use of diagnostic ratios has been criticized by a variety of authors and notwithstanding the known uncertainties, it was used in this paper only as an indicative way to give insight about sources (Katsoyiannis et al., 2007; Galerneau, 2008; Katsoyiannis et al., 2011; Katsoyiannis and Breivik, 2014) .
IcdP/(IcdP + BghiP) ratios ranged from 0.01 to 1.00 in surface soil samples from the Kumasi metropolis. Accordingly to literature (Mark et al., 2002) , IcdP/(IcdP + BghiP) ratios between 0.20 and 0.50 imply fuel combustion sources (vehicle and crude oil). The results from this study suggested that most of the PAHs identified in surface soil in the study area originated from fuel combustion processes and in particular from vehicular traffic and non-traffic ( Fig. 3a) . Vehicles as the major source of PAHs found confirmation with BaP/BghiP ratios which was significantly over 0.6 suggesting traffic origins for those contaminants, which originated from fuel combustion. Fig. 3a indicated that 74% of PAHs identified in surface soils from the Kumasi metropolis by the IcdP/(IcdP + BghiP) ratios were between 0.20 and 0.50 and were therefore coming from fuel combustion. IcdP/(IcdP + BghiP) ratios greater than 0.50 representing 23% were coming from coal, wood or grass combustion and 3% (that is IcdP/(IcdP + BghiP) ratios less than 0.20) were from petroleum sources.
The ratio of Ant/(Ant + Phe) ranged from 0.00-1.00, Flu/(Flu + Pyr) from 0.01-0.64 (Fig. 3b ).
The Ant/(Ant + Phe) ratios between 0.00 and 0.10 imply petroleum sources, on the other hand if the ratio is between 0.1 and 2.5, then the source is known to be from combustion (Yunker et al., 2002) . From Fig. 3b , Ant/(Ant + Phe) showed that more than 90% of PAHs in surface soils from the Kumasi metropolis were from combustion sources with about 66% originating from fuel combustion and 30% from coal/wood or grass combustion, Fig. 3b , Flu/(Flu + Pyr). This observation is consistent with the conclusion drawn from the assessment of BaP/BghiP and IcdP/(IcdP + BghiP) given above.
Chemical mass balance (CMB) model
CMB model (version 8) was also applied for source identification per each (sampled) community and the source profiles used were classified as either coal related (power plant, residential or coke oven) or traffic related (gasoline engine, diesel engine or traffic tunnel). CMB is one of the widely used techniques for the determination of PAHs sources. The basic idea of the CMB model is that the measured chemical pollutants in a sample are the sums of the contributions from several sources (Li et al., 2001; . However, only relative compound concentrations in a source or a sample profile (e.g., normalized with BeP, or any other PAH compound) are important (Christensen et al., 1999) . Difficulties were often associated with the GC separation of BbF and BkF. For this reason, the sum of these two isomers was used with an abbreviation BbF + BkF. Fig. 4 shows the source profiles used in this study. In general, the contributions appeared similar in most cases. Fuel contributions from diesel and gasoline engines were dominant from the most polluted sites in the Kumasi metropolis of Ghana. In Adum, the largest apportioned contributor was gasoline engine recording 42%, 25% from diesel engines and 33% of the total PAHs sources was from coke oven. From Romanhill, the CMB data showed that 81% of the PAHs sources were from fuel combustion, and gasoline engines accounted for 39% of the total and the rest was from diesel engines (42%). Also in Mbrom, the source of PAHs was attributed to fuel combustion. This accounted for 72% of the sources and diesel engines was dominant with 46% of the total. From Fig. 4, 70% of PAHs in the surface soils from Suame was from diesel (36%) and gasoline (34%) engines. There was no difference in source contributions from Suntreso as 84% of the total contribution was attributed to gasoline engines. The overall CMB results clearly showed that gasoline and diesel engines were the two major sources of PAHs in soil samples from the most contaminated communities in the Kumasi metropolis. These results are in agreement with the known PAH sources at this location. That is, PAHs input in the Kumasi metropolis was significantly influenced by fuel combustion (diesel and gasoline engines) as was also indicated by the diagnostic ratio methods.
Kumasi Soil Toxicity Assessment
Maliszewska-Kordybach (1996) has classified pollution levels of PAHs in soils into 4 categories based on the 16 USEPA priority pollutants, namely unpolluted (˂ 200 ng/g), weakly polluted (200-600 ng/g), polluted (600-1000 ng/g) and severely polluted (˃ 1000 ng/g). By this classification, 51% of soil samples from the communities in this study were considered unpolluted with PAHs (˂ 200 ng/g). The least polluted community was Ahinsan. About 30% of the communities had their soils weakly polluted with PAHs while 5% of the communities in the study area were polluted with PAHs. The severely polluted communities representing 14% of the communities were Adum, Mbrom, Suame, Romanhill and Suntreso (Table 1 ). The mean concentrations of total PAHs (16 USEPA PAHs) recorded from the severely polluted communities were 1708 (Adum), 1441 (Mbrom), 1435 (Suame), 1379 (Romanhill) and 1045 ng/g dw (Suntreso) respectively. The high levels of PAHs in soil samples from these communities ( Table 2 ; Fig. 4 ) could come from the high vehicular traffic and the high human population who may use firewood or charcoal for domestic heating. The high concentrations of total PAHs in the surface soils from these severely polluted communities could pose high environmental and human health risks (Ping et al., 2007) . The study indicated that in these communities (Adum, Romanhill, Mbrom, Suame and Suntreso), PAHs compounds including the human carcinogenic compounds (BaA, BbF, BkF, BaP, DBahA, Chr and IcdP) (IARC, 2006) were high (Table. 2).
Health risk assessment of carcinogenic PAHs cannot be related only to overall concentration.
Rather, each PAH has a different carcinogenic potential. Health risk assessment associated with PAHs uptake is often estimated on the basis of the BaP concentrations. BaP is the highest carcinogenic contributor in almost every study (Halek et al., 2008) . The development and establishment of a toxicity equivalency factors (TEFs) are used in the assessment of mixtures containing PAHs. The TEFs were used to quantify the carcinogenic potential of other PAHs relative to BaP and to estimate benzo[a]pyrene-equivalent concentration (BaPeq) (Nadal et al., 2004) . The list of TEFs (Table 3) compiled by Tsai et al. (2004) was adopted to calculate BaPeq. Therefore, the carcinogenic potencies of individual PAHs has to be considered by multiplying their concentration with the appropriate TEF.
The Toxicity Equivalent Concentrations (TEQ's) which are the sum of average BaPeq concentration in soil, TEQ = ∑(C × TEF), from KNUST Botanical Gardens and 5 most polluted communities were 1.245 BaPeq ng/g and 188.2 BaPeq ng/g respectively (Table 3 ). This implies that carcinogenic potency of PAHs load in these 5 severely polluted communities were higher (approximately 150 times higher than from KNUST Botanical Garden) and BaP contributed 70% of the total toxicity level.
Conclusions
The concentrations of total PAHs in surface soils from 36 communities in the Kumasi metropolis ranged from 14.87-2084 ng/g dw, and levels found in the city centre were higher than those in the other sampling points. The most abundant PAHs in surface soils were Flu (61.70 ± 86.85 ng/g dw), followed by its isomeric Pyr (57.94 ± 78.68 ng/g dw). The highest concentration of BaP (Group 1 carcinogen) in surface soils from the Kumasi metropolis was recorded in Adum (259.5 ± 38.37 ng/g dw). CMB and diagnostic ratio methods were used to identify the sources of PAHs in soil samples and results demonstrated that 74% of PAHs identified in surface soils in the Kumasi metropolis were from fuel combustion processes. Distribution maps indicated that PAHs spread throughout the Kumasi metropolis and the city centre was the most polluted. The carcinogenic potency of PAHs load in the 5 severely polluted communities was approximately 150 times higher than from KNUST Botanical Garden and BaP contributed 70% of the total toxicity level. Concentrations (ng/g dw) of PAHs in surface soils from 5 most polluted communities. 
